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[57] ABSTRACT 

A ?rst contact member comprises a liquid conductor which 
comes into contact with a second contact member so as to 
establish the electric connection between the two contact 
members. A container contains the ?rst contact member 
therein. The second contact member is pin-shaped. The 
container is tube-shaped and has a containing portion. which 
is ?lled with the liquid conductor. and has an opening 
through which the second contact member is inserted. An 
area contraction portion for contracting the cross sectional 
area of the container is formed at a position between the 
containing portion and the opening. The container is 
installed in a through hole provided in a base member. The 
container includes a pipe member of an electric conductor 
which comes into direct contact with the liquid conductor 
and a plug member to be inserted into the hole, before the 
pipe member is inserted. for preventing the liquid conductor 
from escaping from the container. The container is formed of 
elastic material. The portion of the container near to the 
opening is split into segments and portions of the segments 
are positioned away from each other as the portions are near 
to the opening so that the outer diameter of the segments is 
larger than the inner diameter of the hole before the con 
tainer is installed into the hole. the segments approaching 
each other as the container is being inserted into the hole 
against the elastic force of the segments. 

10 Claims, 11 Drawing Sheets 
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CONNECTOR EMPLOYING LIQUID 
CONDUCTOR FOR ELECTRICAL CONTACT 

This is a division of application Ser. No. 08/261926 ?led 
Jun. 17. 1994 now US. Pat. No. 5.626.484. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a connector and in 

particular to a connector for connecting a high-density 
semiconductor device. such as that to be used in a large scale 
computer or the like. onto a substrate using a ZIP (zero 
insertion force) or a LIF (low insertion force). 

Such a connector may be used in an information process 
ing system such as that. for example. employing a very large 
scale high performance computer. In such a case. develop 
ment of very large scale integrated circuits has made it 
possible to increase operation speeds and circuit densities of 
logical/storage circuit devices. it thus being possible to 
provide individual devices having high-speed and high 
density; 
Such a connector for connecting units having such 

devices thereon is thus in demand to increase the number of 
terminals (contact members) which may be provided and the 
terminal (contact member) density in the connector. 

2. Related Art 
One example of the connector is a solid connector which 

uses an elastic contact force of a spring contact member to 
establish an electric connection between a connection pin 
(male connector) and a contact member (female connector). 

Another example of the connector is a liquid connector 
employing a liquid metal so as to realize a connection with 
the ZIP or LIF. In such a liquid connector. a liquid metal is 
directly coated or plated on the contact portion of the 
connector. or a container is provided for containing the 
liquid metal. a connection pin being immersed in the liquid 
metal in the container so that the electrical connection is 
established. 

However. the construction of the solid connector such as 
that mentioned above limits how much the terminal—density 
thereof can be increased. Further. an elastic force is required 
to ensure the electric connection reliability between the 
connection pins and the contact members in the connector. 
Maintenance of the elastic force results in generation of the 
friction force required when the connection pin is being 
connected with/disconnected from contact members in the 
connector. The friction force is increased as the number of 
terminals provided in the connector is increased due to the 
demand mentioned above. the connector thus becoming 
inconvenient to use. 

Such forces required for connecting/disconnecting opera 
tions may be reduced/eliminated by driving the contact 
members in the connector so as to prevent the contact 
members from coming into contact with the connection pins 
when the connection pins are inserted into/withdrawn from 
the connector. However. such a contact~member driving 
mechanism may complicate the construction of the connec 
tor. 

Further. a solid connector has another problem. That is. 
the solid connector needs a construction which can bear the 
to have elastic force to ensure the electrical connection 
reliability mentioned above. the elastic force being increased 
as the number of contact members are increased as men 
tioned above. Such a construction prevents the connector 
from being miniaturized. Also the elastic force may reduce 
the life time of the connector. 
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2 
A liquid connector such as that described above also has 

problems. That is. a highly accurate liquid surface control 
system is needed to prevent the liquid metal from being 
splashed/leaked from the container. Thus. such a liquid 
connector is not suitable for general use. 

SUTVIMARY OF THE INVENTION 

An object of the present invention is to provide a con 
nector having a simple construction. which connector 
enables a force required for insertion/withdrawal of connec 
tion pins to be reduced and ensures electric connection 
between the connection pins and the contact members in the 
connector. 

In order to achieve the above object. a connector accord 
ing to the present invention comprises: 

a ?rst contact member comprising a liquid conductor 
which comes into contact with a second contact mem 
ber so as to establish an electric connection between the 
two contact members; and 

a container for containing said ?rst contact member 
therein; 

and wherein said container has means for allowing said 
second contact member to be inserted into said con 
tainer and for preventing said liquid conductor in said 
container from being splashed. 

By employing the liquid conductor (may be liquid metal) 
as the ?rst contact member. the ZIF insertion operation may 
be achieved as the second contact member is immersed in 
the liquid conductor so that the reliable electrical connection 
between the ?rst and second contact member may be 
obtained. Further. employment of ‘the means for allowing 
said second contact member to be inserted into said con 
tainer and for preventing said liquid conductor in said 
container from being splashed’ enables easy realization of 
the liquid-surface control. 

It is preferable that the above means comprises an area 
contraction portion formed at an approximate position in 
said container for contracting the cross section area of said 
container. In this case. the container may be formed of a pipe 
material having the area contraction portion/member 
installed at a position near a ?rst end opening thereof. into 
which opening the second contact member (may be pin 
shaped) is inserted. Thus. the manufacturing of the connec 
tor is simple. Further. a plug may be provided to plug a 
second end opening of the pipe material opposite to the ?rst 
end opening. Thus. the liquid conductor is prevented from 
leaking through the second end opening. 

It is preferable that: 
said container is installed in a hole provided in a base 
member; 

said container is formed of an elastic material; and 
the portion of said container near to said ?rst opening is 

split into segments and portions of said segments are 
positioned away from each other as said positions are 
near to said opening so that the outer diameter of said 
segments is larger than the inner diameter of said hole 
before said container is installed into said hole. said 
segments approaching each other as said container is 
inserted into said hole against the elastic force of said 
segments. 

Such a construction makes it easier to insert the container 
into the hole of the base member since each of the segments 
is cone-shaped before being inserted into the hole. the 
small—diameter top of each of the cones being first inserted 
into the hole. Then. after being inserted into the hole. the 
elastic force of the segments. which force is a pressing force 
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exerted by the segments against the inner wall of the hole. 
prevents the container from coming out of the hole. 

It is preferable to provide a lead for either the container or 
the ?rst contact member so that it is easy to connect an 
electrical circuit to the connector using the lead. 
The connector may be provided with two openings 

through which the two second contact members are inserted. 
In this case. two area contraction portions/members are 
provided for the two opening. Thus. advantages same as the 
above mentioned advantages obtained by the connector 
according to the present invention can also be obtained even 
in the above-mentioned double second-contact-member 
insertion type connector. The construction of such a double 
second-contact-member (connection pin) insertion type con 
nector increases the density of connection pins inserted into 
each substrate. 

It is preferable to provide a land in the hole of the base 
member so that the land may be used as the intermediate 
conductor together with the ?rst contact member (liquid 
conductor) to connect the second contact member with the 
lead. 

It is preferable to use either the liquid conductor of 
magnetic material or the liquid conductor with which mag 
netic material is mixed. In this case. a magnet is provided 
adjacent to the container. Thus. the splashing of the liquid 
conductor may be prevented through the magnetic attraction 
force e?ected between the magnet and the liquid conductor. 

It is preferable to form the container using the pipe 
shaped land installed in the hole of the base member and a 
plug installed at the second end of the land opposite to the 
?rst end through which the second contact member is 
inserted. In this case. the area contraction member is pro 
vided at the ?rst end of the land. Such a simple contraction 
of the container may also simplify the manufacturing pro 
cess of the connector. 

It is preferable to form the container using either a through 
hole or a concavity provided on a conductor plate. the 
capillary attraction force maintaining the liquid conductor in 
the hole/concavity so that the splashing of the liquid con 
ductor is prevented. 

Grains may be contained in said container together with 
said liquid conductor. the grains resisting a ?ow of the liquid 
conductor in the container. Thus. the splashing of the liquid 
conductor may be prevented and the LIF close to 21F 
connection pin insertion may be realized when the connec 
tion pin is inserted into the mix of the liquid conductor and 
grains. It is further preferable to use the grains having 
magnetic properties and to provide a magnet installed adja 
cent to the container. Thus. the magnetic attraction force 
attracting the grains surely prevents the liquid conductor 
from being splashed. Further. by using the grains having a 
rust prevention treatment performed thereon. pollution of 
the liquid conductor due to rust forming on the grains can be 
prevented. 

In the above case. an insulating substrate may be used as 
the base member and the hole formed in the substrate may 
be used as the container. By providing a lead so that one end 
of the lead come into contact with the liquid conductor. the 
second contact member (connection pin) and the lead may 
be electrically connected through the liquid conductor 
although the container is not a conductor. Thus. a connector 
design having design ?exibility is obtained 

Other objects and further features of the present invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a sectional side elevation view of a con 
nector in a ?rst embodiment of the present invention; 
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4 
FIGS. 2A and 2B show perspective views of a connector 

according to the present invention used for connecting a 
semiconductor device; 

FIGS. 3. 4. 5 and 6 show perspective views illustrating a 
process for fabricating a contact used in the connector in the 
?rst embodiment of the present invention and a process for 
installing the contact in a hole provided in an insulation 
substrate; 

FIG. 7 shows a sectional side elevation view of the 
contact installed in the insulation substrate as shown in 
FIGS. 3. 4. 5 and 6; 

FIGS. 8. 9. 10. 11. 12. I3. 14 and 15 show sectional side 
elevation views of connectors in second. third. fourth. ?fth. 
sixth. seventh. eighth embodiments and an embodiment 
obtained as a result of modifying the eighth embodiment of 
the present invention; 

FIGS. 16A and 1613 show perspective views of a ninth 
embodiment and an embodiment obtained as a result of 
modifying the ninth embodiment of the present invention; 

FIG. 16C shows a cross section of the connector shown in 
FIG. 16B taken along the line C-C of FIG. 16B; 

FIG. 17 shows a perspective view of an embodiment 
obtained as a result of modifying the above ninth embodi 
ment of the present invention; 

FIG. 18A shows a partially cut-out perspective view of a 
connector in a tenth embodiment of the present invention; 

FIG. 18B shows a partial plan view of the connector 
shown in FIG. 18A; 

FIG. 19 shows a sectional perspective view of a connector 
in a eleventh embodiment of the present invention; and 

FIG. 20 shows a sectional side elevation view. taken along 
the line A-A of FIG. 19. of the connector shown in FIG. 19 
together with a connection pin. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIGS. 2A and 2B. a semiconductor 
device 1 is installed. for example. in a large computer. the 
device 1 being loaded on a socket 2. The device 1 has an LSI 
(large scale integrated circuit) contained in a ceramic pack 
age 3 and radiator ?ns 3a provided above the package 3. The 
package has a PGA (pin grid array) type construction so that 
a plurality of connection pins 4 project downward from the 
bottom surface of the package 3. Thus. the connection-pin 
density is increased. 
The socket 2 includes a ceramic insulation substrate 6 and 

a plurality of contacts 5 installed in the substrate 6. Further. 
the socket 2 includes a plurality of leads 7 projecting 
downward from the bottom surface of the insulating sub 
strate 6. the leads being connected to a circuit substrate (not 
shown in the ?gures) in the computer. The contacts 5 are 
electrically connected with the leads 7 as will be described 
in the description of each embodiment of the present inven 
tion. Some embodiments have constructions so that no leads 
7 are provided on the substrate 6. depending on the method 
of connecting the contacts 5 with the circuit substrate of the 
computer. 

In order to load the semiconductor device 1 on the socket 
2. the connection pins 4 are inserted into the contacts 5. The 
connection pins 4 and contacts 5 constitute a connector 
system. The ease with which the semiconductor device 1 is 
loaded on/unloaded from the socket 2 depends on a force 
required to insert/withdraw the connection pins 4 into/from 
the contacts 5 in the connector system. The insertion] 
withdrawal force required increases as the numbers of the 
connection pins dlcontacts 5 increase. 
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As mentioned above. an object of the present invention is 
to reduce/eliminate the insertion/withdrawal force in the 
connector system. that is. to achieve the ZlF or LlF opera 
tion in the connector system. 
A connector/connector system in each embodiment of the 

present invention will now be described. 
With reference to FIG. 1. a connector system 10 in a ?rst 

embodiment of the present invention will now be described. 
The connector system 10 comprises a connection pin 4 and 
a contact 11. The connection pin 4 is installed on the 
semiconductor device 1 as shown. for example. in FIG. 2. 
The contact 11 is installed in a insertion hole 8 formed in the 
insulation substrate 6. 

The contact 11. which is cylindrical. has an opening 12 at 
the top thereof through which the connection pin 4 is 
inserted and has a bottom portion 13 at the bottom end 
thereof. The lower half of the contact 11 is a containing 
portion 15 in which a liquid metal 14 (indicated by dotting 
in FIG. 1). which will be described later. contained. The 
upper half of the contact 11 has a plurality of slits 16 which 
split the upper half into a plurality of segments 17. 
An area contraction portion 18 is formed in the segments 

between the opening 12 and the containing portion 15. The 
inner diameter of the area contraction portion 18 is smaller 
than the diameter of the opening 12 and larger than the 
diameter of the connection pin 4. 
The contact 11 is made of conductive metal such as 

copper. gold. silver or the like. 
The insertion hole 8 has a land 19 provided on the wall 

thereof. the land 19 being cylindrical. The land 19 is 
provided over the entire length of the hole 8 and fitted in the 
hole 8. The land 19 is made of a conductive material such as 
copper and may act as a connection terminal to be used for 
establishing an electrical connection with a circuit substrate 
in. for example. a computer. As will be described. the 
loading of the contact 11 in the land 19 establishes the 
electrical connection between the contact 11 and the land 19. 

The liquid metal may be made of various materials such 
as alloy of indium (In) and tin (Sn). alloy of In and 
aluminum (Al). alloy of gallium (Ga) and Sn. alloy of Ga 
and Al. alloy of Ga and In. or the like. Since the liquid metal 
should be in the liquid phase at a normal temperature. the 
melting point thereof may be approximately 20° C. 

In order to establish an electrical connection between the 
connection pin 4 and the contact 11. the connection pin 4 is 
inserted into the contact 11 and then is immersed in the 
liquid metal 14 contained in the containing portion 15 . Since 
the connection pin 4 is thus electrically connected with the 
contact 11 via the liquid metal 14. the ZIP insertion/ 
withdrawal operation may be achieved. Thus. the force 
required to insert/withdraw the connection pin 4 into/from 
the contact 11 may be a small one. As a result. even if many 
connection pins 4 are provided on the semiconductor device 
1 as shown in FIG. 2A and they are inserted into/withdrawn 
from the corresponding contacts 5 installed on the insulation 
substrate 6. only a small force is needed for the insertion! 
Withdrawal operations. Thus. the loading/unloading opera 
tions of the semiconductor device 1 on/from the insulation 
substrate 6 may be easily carried out. 
The area contraction portion 18 allows the connection pin 

4 to be inserted and prevents splashing of the liquid metal 
contained in the containing portion 15. Thus. surface control 
of the liquid metal 14 can be ensured. 

Methods of fabricating the contact 11 and loading the 
contact 11 into the hole 8 will now be described with 
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reference to FIGS. 3. 4. 5 and 6. In each ?gure. only the top 
part of the land 19 is indicated. 

FIG. 3 shows a state where the contact 11 has not been 
inserted into the hole 8. As mentioned above. the contact has 
the segments 17 (four segments in this embodiment) and the 
inner diameter Ll of the circle (indicated by the chain line 
in FIG. 3) formed by the tops of the segments is larger than 
the diameter L2 of the hole 8. The outer diameter of the 
containing portion 15 is approximately the same as the 
diameter L2 of the hole 8. As shown in FIG. 3. the segments 
17 are cone-shaped. the top of each cone being directed 
downward The contact 11 may be easily formed using the 
press-drawing process or the like. Each one of the segments 
17 has a wave portion 180 shown in FIG. 4 which forms the 
area contraction portion 18 after the contact 11 has been 
completely inserted into the hole 8. 

FIGS. 4 and 5 illustrate a process for temporarily loading 
the contact 11 into the hole 8. the containing portion 15 
being inserted ?rst into the hole 8 as shown in FIG. 4. Since 
the segments 17 have not been inserted into the hole 8 yet. 
the segments 17 maintain the same shape as that shown in 
FIG. 3. that is. a large-diameter state. The large-diameter 
state segments 17 are easy for a worker to handle and thus 
the contact 11. although it is small. can then be inserted into 
the hole 8. 

Then. as shown in FIG. 5. the contact 11 is further inserted 
into the hole 8. Accordingly. the angles formed by the 
segments 17 are reduced and thus the diameter of the circle 
formed by the tops of the segments is reduced. The wave 
portions 18a are thus made to approach each other so as to 
form the area contraction portion 18. 

Such a temporary loading process illustrated in FIGS. 4 
and Sis carried out for each contact 11 to be loaded into the 
insulation substrate 6 (see FIG. 2B). After the completion of 
the temporary loading process. an insertion die 9 is used to 
further insert the contact 11 into the hole 8 as shown in FIG. 
6. Thus. the series of processes described above with refer 
ence to FIGS. 4. 5 and 6 completes the insertion of the 
contact 11 into the hole 8 so that the state shown in FIG. 7 
is obtained. 

Such a construction of the contact 11 makes it easier to 
insert the contact 11 into the hole 8 since the segments 17 are 
cone-shaped before being inserted into the hole 8 and the 
small-diameter top of each cone shape is ?rst inserted into 
the hole 8. Then. after being inserted into the hole 8. the 
elastic force of the segments 17. which force is a pressing 
force exerted by the segments 17 against the wall of the hole 
8. prevents the contact 11 from coming out of the hole 8 and 
ensures the electrical connection between the land 19 and 
the contact 11. The above elastic force is generated as a 
result of the initial shape of the segments 17 shown in FIG. 
4 (like an opened ?ower petal) being transformed into the 
shape shown in FIG. 1 (like a closed ?ower petal) during the 
above series of processes. 

With reference to FIG. 8. a connector system 20 in a 
second embodiment of the present invention will now be 
described. Elements identical to those in the connector 
system 10 in the ?rst embodiment of the present invention 
have reference numerals the same as those of the elements 
in the connector system 10 and the description of these 
elements will be omitted. 
The connector system 20 has a contact 21 having at the 

top thereof a ?rst opening 22. through which opening the 
connection pin 4 is inserted. A opening 23 is provided on the 
bottom end of the contact 21. The connector system 20 
further includes a closing member 24 for closing the inser 
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tion hole 8 under the second opening 23. the member 24 
facing the opening 23. 
The closing member 24 is made of elastic material such 

as silicon rubber and is loaded into the hole 8 prior to the 
loading of the contact 21. The closing member 24 seals the 
hole 8 liquid~tightly and thus acts as the bottom of a 
containing portion 25. which includes the contact 21 therein 
so as to keep the liquid metal 14 in the containing portion 25. 
The area contraction portion 18 is formed in the contact 

21 between the ?rst opening 22 and the containing portion 
25. which portion 18 allows the connection pin 4 to be 
inserted therethrough and prevents the liquid metal 14 
contained in the containing portion 25 from being splashed 

Similarly to the manner in the connecter system 10. the 
connection pin 4 is electrically connected to the contact 21 
in a manner in which the connection pin 4. after being passed 
through the ?rst opening 22. is then immersed into the liquid 
metal 14 contained in the containing portion 25. Thus. the 
above electric connection is performed in the ZIP condition 
via the liquid metal 14. 
The contact 21 having the simple pipe-shape and the 

openings 22 and 23 as its ends thus may be manufactured 
easily. The closing member 24 prevents the liquid metal 14 
from downwardly escaping from the containing portion 25. 

With reference to FIG. 9. a connector system 30 in a third 
embodiment of the present invention will now be described. 
Elements identical to those in the connector system 10 in the 
?rst embodiment of the present invention have reference 
numerals the same as those of the elements in the connector 
system 10 and the description of these elements will be 
omitted. 
The connector system 30 includes a contact 31 having the 

length similar to that of the insertion hole 8 and ?rst and 
second openings 32 and 33 at the top and bottom of the 
contact 31. The connection pins 4 are inserted into the 
openings 32 and 33. The contact 31 further includes a 
containing portion 34 between the openings 32 and 33 for 
keeping the liquid metal 14 therein. The liquid metal 14 is 
maintained at the approximate middle of the contact 31 due 
to the capillary phenomenon. 
The contact 31 further includes area contraction portions 

35 and 36 formed thereon between the opening 32 and the 
containing portion 34 and between the opening 33 and the 
containing portion 34. respectively. The contraction portions 
35 and 36 allow the connection pins 4 to be inserted 
therethrough and prevent the liquid metal 14 contained in 
the containing portion 34 from being splashed. 

Inserting the connection pins 4 via the ?rst and second 
openings 32 and 33 and then immersing them into the liquid 
metal 14 present in the containing portion 34 result in the 
connection pins 4 being electrically connected to the contact 
31. Thus. the electrical connection is performed in the ZIP 
condition. Such a construction as that of the connector 
system 30 allows the number of the connection pins 4 which 
may be inserted into the insulation substrate 6. such as 
shown in FIG. 2B. to be increased. This is because the 
connection pins 4 may be inserted into both sides of the 
insulation substrate 6. 

With reference to FIG. 10. a connector system 40 in a 
fourth embodiment of the present invention will now be 
described. Elements identical to those in the connector 
system 10 in the ?rst embodiment of the present invention 
have reference numerals the same as those of the elements 
in the connector system 10 and description of the elements 
will be omitted. 
The connector system 40 includes the upper and lower 

contacts 11. each of which is identical to the contact 11 used 
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8 
in the connector system 10(see FIGS. 1 and 7). Provision of 
the two contacts 11 at the top and bottom of the insertion 
hole 8 allows the number of the connection pins 4 which 
may be inserted into the insulation substrate 6 to be 
increased. The connector system 40 further includes a mag 
net 41 (which is an essential element in the fourth 
embodiment) provided in the space formed between the pair 
of the contacts 11. Liquid metal 42 is kept in the containing 
portions 15 formed in the contacts 11. the liquid metal 42 
being a magnetic substance or ordinary liquid metal includ 
ing magnetic material mixed therein. 
The liquid metal 42 is accordingly attracted by the magnet 

41 due to the magnetic properties of the magnet 41 and the 
liquid metal 42 itself. Since the liquid metal 42 is attracted 
to the bottom of the contacts 11. that is. is thus maintained 
in the containing portions 15 in the contacts 11. prevention 
of splashing of the liquid metal 42 can be ensured. In 
particular. the construction employing the magnetic proper 
ties is effective in maintaining the liquid metal 42 in the 
lower contact 11. which metal 42 might otherwise fall from 

‘ the lower contact 11 via the opening 12 (shown in FIG. 1) 
thereof provided at the bottom of the hole 8 if the magnetic 
properties were not employed 

The magnet 41 in the connector system 40 is not limited 
to that in the hole 8 as shown in FIG. 10. Instead. the magnet 
41 may be in any position where the magnet 41 can prevent 
the liquid metal 42 present in the containing portions 15 
from coming out. that is. where the magnet 41 is located at 
a position at a side of the contacts 11 opposite to the side 
through which the liquid metal likely to escape. The magnet 
41 may thus be positioned to surround the contacts 11 and 
be outside of the hole 8 in the insulation substrate 6 instead 
of being positioned within the hole 8. 

With reference to FIG. 11. a connector system 50 in a ?fth 
embodiment of the present invention will now be described 
Elements identical to those in the connector system 40 in the 
fourth embodiment of the present invention have reference 
numerals the same as those of the elements in the connector 
system 40 and the description of the elements will be 
omitted. 
The connector system 50 is a system in which the lower 

contact 11 in the connector system 40 shown in FIG. 10 is 
replaced by the lead 7. The top of the lead 7 is electrically 
connected to the uppm contact 11 via the land 19 of 
conductor. The bottom of the lead 7 projecting downward 
from the bottom surface of the insulation substrate 6 acts as 
an external connection terminal which may be connected to 
the outside of the substrate 6. 

Thus. the connector system 50 enables the present inven 
tion to be applied to a socket such as that shown in FIG. 28 
having the leads 7 projecting from the insulation substrate 6. 
The connector system 50 has the advantages that the ZIP 
connection through the liquid metal 42 is possible and that 
splashing of the liquid metal 14 can be prevented due to the 
presence of the area contraction portion 18. 

With reference to FIG. 12. a connector system 60 in a 
sixth embodiment of the present invention will now be 
described. Elements identical to those in the connector 
system 10 in the ?rst embodiment of the present invention 
have reference numerals same as those of the elements in the 
connector system 10 and the description of the elements will 
be omitted. 
The connector system 60 is characterized in that a con 

taining portion 61 for keeping the liquid metal 14 therein is 
formed by the land 19. a stopper member 62 and a closing 
member 63 in the hole 8. The land 19 is provided in the wall 



5 ,779.492 

of the hole 8 formed in the insulation substrate 6. similarly 
to the land 19 provided in the other connector systems in the 
embodiments described above. 
The stopper member 62 is located at the top opening of 

the hole 8. through which opening the connection pin 4 is 
inserted. and has aninsertion hole 64 therein. The diameter 
of the insertion hole 64 is smaller than the diameter of the 
hole 8 and larger than the diameter of the connection pin 4. 
The stopper member 62 is made of resin. 
The closing member 63 inserted into the hole 8 is located 

under the stopper member 62 in the hole 8 so as to close the 
hole 8. 
The lead 7 is provided at the lower part of the hole 8. The 

top of the lead 7 is electrically connected to the liquid metal 
14 via the land 19 of conductor and the bottom of the lead 
7 projecting downward from the bottom surface of the 
insulation substrate 6 acts as the external connection termi 
nal. 

Since the inserted connection pin 4 is thus electrically 
connected to the land 19 and thus to the lead 7 via the liquid 
metal 14. the ZIF connection can be achieved. Further. since 
the containing portion 61 is de?ned by the closing member 
63 and the stopper member 62. the liquid metal 14 present 
in the containing portion 61 is prevented from coming out 
and from splashing. Further. the connector system 60 having 
no contact such as the contact 11 enables simpli?cation of 
the connector system construction. 

With reference to FIG. 13. a connector system 70 in a 
seventh embodiment of the present invention will now be 
described. Elements identical to those in the connector 
system 40 in the fourth embodiment of the present invention 
have reference numerals the same as those of the elements 
in the connector 40 and the description of the elements will 
be omitted. 
The connector system 70 includes two stopper members 

71 located at the top and bottom ends of the hole 8 and 
further includes the magnet 41 at the middle of the hole 8. 
Upper and lower containing portions 72. each of which 
keeps the liquid metal 42 therein. are formed by the land 19. 
the two stopper members 71 and the magnet 41. the magnet 
41 being located between the two containing portions 72. 

Similarly to the land 19 used in the other connector 
systems in the embodiments described above. the land 19 is 
provided on the wall of the hole 8 formed in the insulation 
substrate 6. Each of the stopper members 71 is identical to 
the stopper member 62 used in the connector system 60 in 
the sixth embodiment and has therein an insertion hole 73 
identical to the hole 64 used in the connector system 60. 
The connector system 70 employing no contact such as 

the contact 11 enables to the connector system construction 
to be simpli?ed. Further. since both sides of the insulation 
substrate 6 may have the connection pins 4 inserted therein. 
the number of the connection pins 4 which may be inserted 
into the substrate 6 can be increased. Further. provision of 
the magnet 41 can ensure that the liquid metal 42. such as 
that described above present in the containing portions 72. 
is prevented from being splashed due to the magnetic 
properties of the magnet 41 and the liquid metal 42 itself as 
described above. 
With reference to FIG. 14. a connector system 80 in a 

eighth embodiment of the present invention will now be 
described. Elements identical to those in the connector 
system 60 in the sixth embodiment of the present invention 
have reference numerals the same as those of the elements 
in the connector 60 and the description of the elements will 
be omitted. 
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Similarly to the connector system 60 shown in FIG. 12. 

the connector system 80 has a containing portion 61. for 
keeping the liquid metal 14 therein. formed by the land 19. 
stopper member 62 and a closing member 81. and has a lead 
82 located at the bottom of the hole 8. The system 80 is 
characterized in that the top end of the lead 82 pierces the 
closing member 81 to be immersed into the liquid metal 14. 
and the bottom end of the lead 82 downward projecting from 
the bottom surface of the insulation substrate 6 acts as the 
external connection terminal. 

Since this connector system construction thus enables the 
direct electrical connection of the lead 82 with the liquid 
metal 14. it is not necessary to provide a member such as the 
land 19 acting as a conductor. Thus. the construction of the 
connector system can be simpli?ed. and thus the manufac 
turing process for the system may be simpli?ed. resulting in 
the manufacturing cost thereof being reduced. 

With reference to FIG. 15. a modi?cation of the connector 
system 80. system 80a. in the eighth embodiment of the 
present invention will now be described. Elements identical 
to those in the connector system 80 have reference numerals 
the same as those of the elements in the connector 80 and the 
description of the elements will be omitted. 
The connector system 80a is characterized in that the 

system 80a may be handled separately from the insulation 
substrate 6. In order to realize this feature. the system 80a 
includes an outer pipe 83. The outer pipe 83 may be made 
of either insulating or conductive metal and a hole 84 present 
within the outer pipe 83 acts as the insertion hole 8 in the 
other connector systems in the embodiments described 
above. The connector system 800. which is characterized as 
described above and thus may be handled roughly in com 
parison with the case where the system is provided the 
insulation substrate 6. and thus is specially provided with 
such as a sealing member 85 under the closing member 81. 
The sealing member 85 prevents the closing member 81 
from coming out of the pipe 83 and also prevents the liquid 
metal 14 from leaking. 
The provision of the connector system 80a enables the 

system to be handled more ?exibly. If the system 80a is used 
together with the insulation substrate 6. formation of only a 
simple hole. into which the system 800 is to be loaded. in the 
insulation substrate 6 is needed. Thus. the insulation sub 
strate 6 having such a simple construction can be easily 
manufactured. Further. the system 800 may be widely used 
as a connector system in various electronic-equipment appli 
cations. 

With reference to FIGS. 16A. 16B. 16C and 17. connector 
systems 90. 90a and 100 in a ninth embodiment. and ?rst 
and second variants of the embodiment of the present 
invention will now be described. 

The connector system 90 shown in FIG. 16A includes a 
contact 91 having a lead portion 92 at the bottom thereof and 
also having a containing portion 93 at the top thereof for 
keeping the liquid metal 14 therein. The entirety of the 
contact 91 is formed in a unit body through a pressing 
process performed on a conductive metal plate. The con 
taining portion 93 has an angular-C-shaped cross section and 
the left and right walls of the portion 93 have long vertical 
holes 94. The connection pin 4 is inserted into the contact 91 
vertically. 
The long holes 94 are located so as to face the connection 

pin 4 loaded in the contact 91 and have the liquid metal 14 
(indicated by dots in the ?gure) kept therein. The width of 
each of the long holes 94 is so narrow that the liquid metal 
is maintained therein due to the capillary phenomenon. 
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Further. the contact 91 is formed so that the long holes 94 
are in proximity to the loaded connection pin 4 and thus the 
liquid metal 14 comes into contact with the pin 4. Thus. the 
connection pin 4 is electrically connected to the contact 91. 
A modi?cation of the above connector system 90. system 

90:: will now be described with reference to FIGS. 16B and 
16C. The connector system 90a includes a contact 910 
identical to the contact 91 except that the contact 91a has a 
containing portion 93a instead of the containing portion 93. 
The portion 930 is identical to the portion 93 except that the 
portion 930 has the concavities 94a instead of the long holes 
94. The concavities 94a have shapes identical to those of the 
long holes 94 except that the concavities 94a have the 
bottoms at the outer sides of the holes. Advantages similar 
to those of the connector system 90 can be obtained form the 
system 96a because they have similar constructions as 
described above. The amount of the liquid metal 14 in the 
system 900 may be smaller than the system 90 due to the 
difference between the constructions of the holes 94 and that 
of the concavities 94a. 
The connector system 100 shown in FIG. 17 is charac 

terized in including a contact 101 having a lead 102 formed 
at the bottom thereof and also having a containing portion 
104 formed at the top thereof for keeping the liquid metal 14 
therein. A plurality of slits (four slits in this variant) 103 are 
formed in the upper part of the containing portion 104 and 
an insertion hole 105 is formed at the axis part of the portion 
104. The connection pin 4 is inserted into a hole 105. The 
shape of the contact 101 may be fonned as a result of cutting 
a solid-cylindrical conductive metal material so that the 
contact 101 is in a unit body. 
The slits 103 are long in a vertical direction and the 

connection pin 4 being inserted vertically into the hole 105. 
The liquid metal 14 (indicated by dots in the ?gure) is kept 
in the slits 105. The width of each of the slits 105 is so 
narrow that the liquid metal is maintained therein due to the 
capillary phenomenon. 

Further. the contact 101 is formed so that the long holes 
14 are in proximity to the loaded connection pin 4 and thus 
the liquid metal 14 comes into contact with the pin 4. Thus. 
the connection pin 4 is electrically connected to the contact 
101. 
The connector systems 90. 90a and 100 include the 

respective contacts 91. 91a and 101 and thus have simple 
constructions. Further. the connection pin 4 can be con 
nected to the contacts in the ZIP condition by employing the 
liquid metal 14. Further. similar to the system 800 shown in 
FIG. 15. each of the connector systems 90. 90a and 100 may 
be handled separately from a member such as the insulation 
substrate 6 in which each system is provided. Thus. the 
systems may be widely used as connector systems in various 
electronic-equipment applications. 
The slits 103 in the contact 101 may be replaced by 

concavities having dimensions similar to those of the slits 
103 in the system 100. 
With reference to FIGS. 18A and 1813. a connector system 

110 in a tenth embodiment of the present invention will now 
be described. 
The connector system 110 includes a contact 111 consist 

ing of a lead portion 112. a containing porn’on 113 for 
keeping a liquid metal 115 therein and a ring-type magnet 
116. The containing portion 113 has the shape of hollow 
cylinder having a bottom The liquid metal 115 includes 
many small magnetic-material grains 114 mixed therein. 
The magnet 116 surrounds the containing portion 113. 
The containing portion 113 and the lead portion 112 may 

be either in one body or in separate bodies in the contact 111. 
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In the case where the portions 112 and 113 are separate. it 
is possible to use the containing portion 113 made of 
insulating material. In this case. the contact 111 should be 
constructed so that the lead portion 112 pierces the bottom 
of the containing portion 113 so as to come into directly 
contact with the liquid metal 115 present in the containing 
portion 113. 
The construction employing the above-mentioned liquid 

metal 115 having the magnetic-grain 114 mixed therein and 
the ring-type magnet 116 causes the liquid metal 115 adhere 
onto the inner wall of the containing portion 113 so as to 
form the liquid metal 115 with a ring shape together with the 
hole 117 formed at the axis part of the containing portion 113 
as shown in FIG. 18B. 

In order to establish the electrical connection of the 
connection pin 4 with the contact 111. the connection pin 4 
is inserted into the above hole 117. The diameter of the hole 
117 may be adjusted by controlling the amount of the small 
grains 114 to be mixed in the liquid metal 115 so it is 
approximately the same as the diameter of the connection 
pin 4. Thus the approximate ZIF can be achieved by 
inserting the connection pin 4 into the contact 111. 

In a construction such as that of the connector system 110. 
since the liquid metal 115 is held in the containing portion 
113 because the magnetic grains 114 mixed in the liquid 
metal 115 are attracted by the ring-type magnet 116. the 
liquid metal 115 can be prevented from being splashed 
outside even if a large opening is present at the top of a 
containing portion. such as the portion 113. 

With reference to FIGS. 19 and 20. a connector system 
120 in an eleventh embodiment of the present invention will 
now be described 

The connector system 120 includes a contact 121 con 
sisting of a lead member 122 and an insertion hole 123 
formed in the insulation substrate 6. The lead member 122 
is insert-molded in the insulation substrate 6. The lead 
member 122 is approximately T-shaped and has a collar 
portion 124 at the top thereof. The top of the collar portion 
124 de?nes a containing space 126 in which a liquid metal 
128 in which many small grains of magnetic material are 
mixed is kept. Two magnets 127 are provided at the bottom 
of the collar portion 124. 

In order to establish an electrical connection of the 
connection pin 4 with the contact 121. the connection pin 4 
is inserted into the containing space 126 in the insertion hole 
123 as shown in FIG. 20. Thus. the connection pin 4 comes 
into contact with the liquid metal 128 so that the electrical 
connection of the pin 4 with the liquid metal 128 having the 
electrical connection with the lead member 122 is 
established. the electrical connection of the connection pin 
4 with the lead member 122 being thus in turn established 

Since the pin 4 is inserted into the liquid metal 128 
including the mixed grains. more insertion force is required 
in than the case of the other connector systems in the 
embodiments described above. However. the amount of the 
insertion force is not signi?cant one and the approximate 
ZIF insertion operation can be achieved. In a consn'uction 
such as that of the connector system 120. since the liquid 
metal 128 is held in the containing space 126 because the 
magnetic small grains mixed in the liquid metal 128 are 
attracted by the magnets 127. the liquid metal 128 can be 
prevented from being splashed outside even if a large 
opening is present at the top of :1 containing space such as 
the space 126. 

Further. performing the rust-prevention process on the 
surface of each of the small grains mixed in the liquid metal 
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128 can prevent the small grains from rusting so that the 
liquid metal 128 can be prevented from being polluted due 
to the rust. 

Further. the present invention is not limited to the above 
described embodiments. and variations and modi?cations 
may be made without departing from the scope of the 
present invention. 

what is claimed is: 
1. A connector comprising: 
a ?rst contact member comprising a liquid conductor 

which comes into contact with a second contact mem— 
ber so as to establish an electric connection between the 
two contact members; and 

a container for containing said ?rst contact member 
therein; 

and wherein: 
said second contact member is pin-shaped; 
said container is tube-shaped and has a containing 

portion. which is ?lled with said liquid conductor. 
and has an opening through which said second 
Contact member is inserted; and 

an area contraction member provided at said opening 
for contracting the cross sectional area of said 
container. 

wherein said container comprises a through hole of a 
substrate. and wherein a sectional area of said 
through hole is constant throughout said through 
hole. 

2. The connector according to claim 1. wherein: 
said opening comprises two openings located at either end 

of said container. and two of said second contact 
members being inserted into said container through 
said two openings so that an electric connection may 
thus be established between said two second contact 
members through said liquid conductor contained in 
said container; and 

said area contraction member comprises two area con 
traction members provided for said two openings. 

3. The connector according to claim 1. wherein: 
either said liquid conductor comprises a liquid metal 

having magnetic properties or magnetic material is 
mixed with said liquid conductor; and 

a magnet is provided adjacent to said container. 
4. The connector according to claim 1. wherein: 

said container is installed in a through hole provided in a 
base member; and 

an end of a lead comes into contact with said liquid 
conductor and the other end of said lead projects from 
a ?rst surface of said base member. said ?rst surface 
being opposite to a second surface at which said 
opening is exposed. 

5. The connector according to claim 1. wherein: 
said container comprises a land of an electric conductor 
provided within a through hole provided in a base 
member; and 
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an end of a lead comes into contact with said land and the 

other end of said lead projects from a ?rst surface of 
said base member. said ?rst surface being opposite to a 
second surface at which said opening is exposed. 

6. A connector comprising: 
a ?rst contact member comprising a liquid conductor 

which comes into contact with a second contact mem 

ber so as to establish the electric connection between 
the two contact members; and 

at least two containers for containing said ?rst contact 
member therein. each of said at least two containers 
comprising 

either a concavity or a through hole provided in a base 
member. 

wherein said second contact member is inserted between 
said at least two containers. 

7. A connector comprising: 

a ?rst contact member comprising a liquid conductor 
which comes into contact with a second contact mem 

ber so as to establish the electric connection between 
the two contact members; and 

a container for containing said ?rst contact member 

therein; 
and wherein: 

said second contact member is pin-shaped; 
grains are mixed with said liquid conductor; and 
the container has an opening at an end thereof. through 

which opening said second contact member is 
inserted into said container. and a lead is formed on 
the other end of said container. 

8. The connector according to claim 7. wherein: 

said grains have a magnetic property; and 
a magnet is provided adjacent to said container. 
9. A connector comprising: 

a ?rst contact member comprising a liquid conductor 
which comes into contact with a second contact mem 

ber so as to establish the electric connection between 

the two contact members; and 

a container for containing said ?rst contact member 
therein; 

and wherein: 
said second contact member is pin-shaped; 
grains are mixed with said liquid conductor; and 
the container has an opening at an end thereof. through 

which opening said second contact member is 
inserted into said container. and a lead is supported 
on the other end of said container. 

10. The connector according to claim 9. wherein: 

said grains have a magnetic property; and 
a magnet is provided adjacent to said container. 

***** 


